Abstract. The establishing of a scientific and operable index system is very basic and important to make evaluation. In order to have a reasonable evaluation on the circular economy development in Tianjin area, this paper has carried out some research work. Firstly, based on traditional AHP method, it built a complete index system which consists of 4 parts, that is resource production, resource consumption, comprehensive utilization of resources, waste, including 14 indexes. And this index system was different from the past. Secondly, according to this index system, through establishing comparison matrix and checking the consistency, it made an overall evaluation on the development of circular economy on the basis of collecting and analyzing a large number of relevant data in Tianjin area. Finally, it analyzed the evaluation result and put forward corresponding suggestions. These suggestions mainly included paying further attention to resource recycling and reuse, strengthening the environmental protection measures, and so on.
Introduction
In the past long time, China's economic development is the excessive consumption of resources for the cost. At present, in the background of national implementation of the strategy of sustainable development, the development of circular economy in each area is imperative. But the precondition to ensure the long-term effective implementation of circular economy is to have a set of objective, scientific and reasonable evaluation index system to make the evaluation of circular economy development in a region. Through the evaluation, the existing problems in the implementation of circular economy can be found and the corresponding countermeasures can be put forward. Research on circular economy evaluation index has been reported in the literature. Back in 2006, Qing-ru Li [1] designed an index system which includes 28 indexes and involves economic, social and environmental. Ning Ma et al [2] , according to the principle of "3R", used the material flow analysis index made by Eurostat for reference and built the index system of economy, quantity, efficiency and cycle. Li He [3] constructed the index framework which reflects four aspects of economic development, the characteristics of circular economy, the ecological environment protection and organization and security respectively and concludes a total of 39 indexes. Wei-ying Ping [4] constructed the provincial circular economy evaluation index system based on the support vector machine method. By analyzing the imperfects of the previous circular economy evaluation systems, Yi-xin Ren [5] constructed a new evaluation system based on the input-output theory. Bo Cheng [6] improved the traditional AHP method from the stakeholders' perspective and studied the circular economy evaluation based on AHP-BP.
Scholars have different views on the construction of the evaluation index system of circular economy, their index systems focus differently. The author believes that when we construct the evaluation index system of circular economy of an area, we should not only theoretically consider its scientific nature, rationality and representative nature, but also consider the maneuverability of the evaluation and the accessibility of the index data from the practical application. In the existing literature, most scholars theoretically analyzed and constructed different index systems and made specific interpretation and explanation to its connotation. However, they were rarely applied to evaluate the practical problems. On the basis of traditional AHP method, this paper will combine the actual development of circular economy in Tianjin area to build the evaluation index system and make the final evaluation on the development of circular economy in Tianjin area.
The Construction of Circular Economy Evaluation Index System Based on AHP

AHP Theory
AHP(Analytic Hierarchy Process) is a simple, flexible and practical method of multi-criteria decision-making, using a quantitative analysis method to solve qualitative issues, it is first proposed by professor T.L.Satty of the United States. Its basic idea is first to build a hierarchical structure model which is made up of the target layer, criterion layer and index layer according to the problems existing in reality, then compare two elements between the same layer and through certain mathematical methods to show each layer elements on the relative degree of the importance of a layer of corresponding elements in weight, the final total ordering of the importance of all elements in index layer compared with the target layer will be made and the total weighted values will be calculated. Finally, it will make the corresponding analysis and calculation according to the determined weights and propose the decision-making for the reality.
The Construction of Circular Economy Evaluation Index System Based on AHP
In 2007, National Development and Reform Commission, State Environmental Protection Administration and National Bureau of Statistics of China jointly issued "Notice on issuing the evaluation index system of circular economy" ([2007] No.1815). In the notice, according to the basic characteristics of circular economy and by making full use of the existing data, the corresponding circular economy evaluation index systems are constructed from the macro level and the industrial park level, respectively. It also points out that the macro level evaluation index system of circular economy is mainly used for the condition of whole society and around the development of circular economy overall quantitative evaluation, the system includes 22 indexes which mainly covers resource production, resource consumption, comprehensive utilization of resources and waste four categories.
On the basis of the above index system and following the principles such as the data should be easily acquired and the index system should have systematic and hierarchical characteristics, then combining the relevant data in "Tianjin Statistical Yearbook", this paper established the following evaluation index system, as shown in Figure 1 .
In Figure 1 , the code C 11 , C 12 …represents different index, they are as shown below. C 11 -Productivity of coal; C 12 -Productivity of crude oil; C 13 -Comprehensive productivity of energy.
C 21 -Energy consumption per unit of GDP; C 22 -Energy consumption per unit of industrial added value; C 23 -Power consumption per unit of GDP; C 24 -Power consumption per unit of industrial added value.
C 31 -Rate of comprehensive utilization of industrial waste residue; C 32 -Innocuous disposal rate of living garbage; C 33 -Percentage of disposed sewage treatment.
C 41 -Volume of industrial solid waste disposed; C 42 -Volume of industrial waste water discharged; C 43 -Sulphur dioxide in waste gas; C 44 -COD of waste water discharged. The circular economy evaluation index system above contains three layers; they are from the top down as follows: the target layer, criterion layer and index layer. Of those, the target layer is the comprehensive evaluation on the overall development of circular economy in Tianjin area. The criteria layer covers resource production, resource consumption, comprehensive utilization of resources and waste emissions in four aspects. The index layer involves 14 indexes of coal output, oil production rate etc.
Evaluations on the Development of Circular Economy in Tianjin Area
Determination of the Weight Coefficient of Circular Economy Evaluation Index System Based on AHP
Construct the Judgment Matrix and Determine the Weight Coefficient. The construction of judgment matrix is that in the established circular economy evaluation index system, the target elements or the criterion elements in the upper layer are taken as reference factors, the factors or indexes in the next layers are compared with each other, the judgment matrix of the target layer and the criterion layer are constructed accordingly, and then the weight coefficient of each factor is calculated according to the specified method.
In the process of constructing judgment matrix in this paper, we first had a full investigation and repeated demonstration among a number of experts and scholars in the field of circular economy in Tianjin about the relative importance between elements or indexes of the index system, then used the usual method in Fuzzy Mathematics Theory to determine them one by one. Take "waste emission index" in the criterion layer, for example, its judgment matrix is shown in Table 1 . The meanings of numbers in Table 1 are as follows. "1" means the former and the latter are equally important when two elements compare with each other, "3" means the former is slightly more important than the latter, "5" means the former is obviously important than the latter, "7" means the former is particularly important than the latter, "9" means the first is extremely important than the latter. "2", "4", "6" and "8" are the comparison values between "1" and "3", "3" and "5", "5" and "7" and "7" and "9". W i represents the normalized weight coefficient of each index. 
Check the Consistency of the Judgment Matrix and Determine Whether Its Importance is
Reasonable. It can be further verified that whether the order of importance of the elements in each judgment matrix is reasonable by calculating the consistency ratio of each judgment matrix (i.e.CR). The standard for judgment is as follows. If CR is less than 0.1, the order of importance is reasonable. Otherwise, it is unreasonable and the importance should be compared and corrected again. The corresponding calculation formulas are as follows.
CR=CI/RI.
(2) (4)
RI is the average random consistency index; it is related to the value of n. The details are shown in Table 2 . By calculating, the consistency ratio of the judgment matrices is CR C 1 =0.056<0.1, CR C 2 =0.050<0.1, CR C 3 =0.056<0.1, CR C 4 =0.032<0.1, and CR Z =0.043<0.1 respectively. Therefore, the importance order of each index determined in the previous step can pass the consistency check, these show that they are reasonable.
Comprehensive Evaluation and Analysis of the Development of Circular Economy in Tianjin
This paper selected 14 indexes such as the comprehensive energy output rate and energy consumption per unit of GDP as the evaluation indexes of the development of circular economy in Tianjin, and obtained a decade of statistical data from 2004 to 2013 from some related statistics such as "Tianjin Statistical Yearbook", "Tianjin statistical bulletin" and "Tianjin environment bulletin" and so on. The statistical data of some indexes are shown in Table 3 .
Among the 14 established evaluation indexes, they were divided into two classes firstly. A class is such as comprehensive energy output rate index. The index value is greater, more conducive to the development of regional circular economy, the indexes are positive indexes. Another class is such as energy consumption per unit of industrial added value. The index value is lower, "the resource reduction principle" is realized, and so the development of regional circular economy is more favorable, the indexes are negative indexes. In addition, the dimension differences of 14 indexes must be considered. The dimensionless processing should be done to avoid making the final evaluation results are affected by different dimensionless variables. This paper first had pretreatment on circular economy evaluation index. After pretreatment, the larger the index value, the more favorable to the development of circular economy is. Then by SPSS software each index value was standardized and dimensionless. At last, the comprehensive evaluation of the development of circular economy in Tianjin area from 2004 to 2013 was done through linear weighted method. It is shown in Table 4 . According to the relevant statistical data and the results in Table 4 , the following conclusions can be drawn.
Global Evaluation.
As a large northern industrial city, the development of circular economy in Tianjin area started earlier. It can be seen from figure 2 that the overall situation of the development of circular economy in Tianjin area has been in a rising trend from 2004 to now, especially in 2007 and 2010 after Tianjin city were to become a pilot city of China's circular economy and low-carbon pilot city, Tianjin has actively built a resource recycling system covering the whole society and its development of circular economy was significantly improved.
Analysis on Second Class Indexes. Seen from the overall change of the second class indexes, the resource output indexes, resource consumption indexes showed a steady change trend, the comprehensive utilization of resources and waste emissions indexes did not have regular change in a few years however. But in view of the different weights of each index in the comprehensive evaluation, the final total evaluation results still showed a rising trend. In the future, on the basis of maintaining the efficient use of natural resources and lowering the energy consumption, Tianjin should pay more attention to resource recycling, from the source to reduce the consumption of resources, strengthen the "resources" effect.
Analysis on Third Class Indexes. Seen from the overall change of the third class indexes, the change trend of energy-saving progress indexes such as energy consumption per unit of GDP is significantly better than the emission reduction index such as volume of industrial waste water discharged. This shows that Tianjin should further strengthen the environmental protection measures in the next period, actively strengthen all levels of social participation in environmental protection and strengthen the awareness of environmental protection.
Conclusions
In the social context that the resources and environmental problems have become increasingly prominent, the construction of city circular economy directly affects the degree of sustainable development of a region. As a national circular economy pilot city, Tianjin has done a lot of work in the construction of circular economy and achieved very positive results.
On the basis of the evaluation index system of circular economy proposed by National Development and Reform Commission, thinking deeply about the availability and operability of the statistical data of evaluation indexes and combining with the actual situation of the development of circular economy in Tianjin area, this paper constructed the evaluation index system for circular economy of Tianjin based on traditional AHP method, made the quantitative analysis on the development of circular economy of Tianjin by using a large number of statistical data in the past ten years, and obtained the objective evaluation results. On this basis, this paper put forward a couple of suggestions for the construction and development of circular economy of Tianjin. It is believed that this will play a very big role in promoting the circular economy of Tianjin in the future.
